Stimulation of nodulation in Medicago truncatula by low concentrations of ammonium: quantitative reverse transcription PCR analysis of selected genes.
Although mineral nitrogen generally has negative effects on nodulation in legume-rhizobia symbioses, low concentrations of ammonium stimulate nodulation in some legumes. In this study, the effects of ammonium and nitrate on growth, nodulation and expression of 2 nitrogen transport and 12 putative nodulation-related genes of the model symbiosis of Medicago truncatula - Sinorhizobium meliloti are investigated. After 3 weeks of hydroponic growth, whole-plant nodulation was enhanced in all the ammonium treatments and up to three-fold in the 0.5 mM treatment compared with the zero-nitrogen control. Specific nodulation (nodules g(-1) root dry weight) was greatly stimulated in the 0.1 and 0.5 mM NH4+ treatments, to a lower extent in the 0.1 mM NO3- treatment, and inhibited in all other treatments. Expression of the 14 selected genes was observed at 0, 6, 12 and 24 h after exposure to rhizobia and nitrogen. Expression of nitrogen transporter genes increased significantly, but responses of the three genes putatively associated with symbiosis signaling/nodule initiation were mixed. There were infrequent responses of genes coding for an ABA-activated protein kinase or a gibberellin-regulated protein, but an ethylene-responsive element-binding factor showed increased expression in various treatments and sampling times. Three auxin-responsive genes and three cytokinin-responsive genes showed varied responses to ammonium and nitrate. This study indicates that low concentrations of ammonium stimulate nodulation in M. truncatula, but the data were inconclusive in verifying the hypothesis that a relatively high ratio of cytokinin to auxin in roots may be an underlying mechanism in this stimulation of nodulation.